Serum free thyroxine (IT 4 ) and free tri-iodothyronine (IT 3 ) were measured in 138 normal school children, adolescents and their younger siblings, whose ages ranged from 3 months to 18 years. Mean IT 4 concentration (16·8 pmoVL) was similar to the adult mean concentration of 17 pmoVL and all the values were within the adult reference range. At all ages the IT 3 range was considerably higher than the adult reference range and the overall mean IT3 concentration (8,3 pmollL) was at the upper limit of.normal in adults. In subjects aged 13-18 years the mean IT4 concentration was higher and the mean IT3 concentration lower than in children aged 0-12 years. The reasons for these differences are not known, but the data obtained provide a useful guide to the interpretation of serum free thyroid hormone measurements in children.
SUMMARY. Serum free thyroxine (IT 4 ) and free tri-iodothyronine (IT 3 ) were measured in 138 normal school children, adolescents and their younger siblings, whose ages ranged from 3 months to 18 years. Mean IT 4 concentration (16·8 pmoVL) was similar to the adult mean concentration of 17 pmoVL and all the values were within the adult reference range. At all ages the IT 3 range was considerably higher than the adult reference range and the overall mean IT3 concentration (8,3 pmollL) was at the upper limit of.normal in adults. In subjects aged 13-18 years the mean IT4 concentration was higher and the mean IT3 concentration lower than in children aged 0-12 years. The reasons for these differences are not known, but the data obtained provide a useful guide to the interpretation of serum free thyroid hormone measurements in children.
Reference ranges have been established for total and free thyroid hormones in children who were referred to hospitai for conditions other than thyroid disease or who were subsequently diagnosed as euthyroid by clinical and biochemical investigations. [1] [2] [3] There are, however, no data on free thyroid hormone concentrations in normal children. Adult reference ranges for these hormones may not be applicable to younger subjects.' and there is a paucity of data in the early postnatal period and during puberty. This study was undertaken to measure free thyroid hormones in a group of normal school-going children and adolescents and their younger siblings. Their ages ranged from 3 months to 18 years; nearly half of the children were younger than 7 years. One child was diagnosed from this study as hypothyroid in the absence of marked clinical features of the disease.
Subjects and methods
One hundred and thirty eight normal infants, children and adolescents (82 boys, 56 girls) whose ages ranged from 3 months to 18 years (mean age 7 years), were recruited by the Michael McGough Foundation for the study of Correspondence: Dr C Moniz 536 Liver Disease in Children (Medway and Gillingham Branch, Kent, UK). Blood was taken after obtaining informed consent from the older children and/or the parents. Serum from venous blood was collected from each subject for this study and was stored at -20°C until assay. Each sample was frozen and thawed only once to avoid artefactual changes in the free hormone concentrations after repeated freezing and thawing. Free thyroxine (IT 4 ) and free tri-iodothyronine (IT 3 ) concentrations were measured using Amerlex kits (Amersham International plc, Cardiff, UK) using half the recommended sample and reagent volumes. Assay performance was monitored by the inclusion of commercial quality control sera (QAS 101, Amersham International). Withinbatch coefficient of variation (CV) was calculated from the differences between duplicates of samples and controls and was less than 3%. Between-batch CV was calculated from results of control sera and was less than 6%. Subjects were divided arbitrarily into three age groups (0-6 years, 7-12 years, 13-18 years). For each group, the results were inspected for males and females. Within some groups, there was a wide scatter of values with sample numbers too small to ascertain reliably whether the results had a Gaussian distribution. Consequently, the data were log-transformed and the mean and stan-Results Figures 1 and 2 show the serum IT4 and IT3 con-TABLE 1. Mean, standard deviation (mean SO) and range for serum 0'4 and 0'3 (calculated on logtransformed data) in children in 6-year age groups dard deviation were calculated from the log-. transformed data, for each analyte ( 
fI'4 and fI'3 in normal children 537 centrations respectively plotted against age. There was no difference between the mean concentretions ot ff', (t=0·8O, ns.) and IT 3 (t=0·42, ns) in male and female subjects. The mean IT4 concentration (16·3 pmoVL) in the age group G--6 years did not differ significantly from the mean (15·7 pmoVL) for the 7-12 year age group and both mean values were similar to the adult mean (17 pmoVL). The mean IT 4 concentration (18,8 pmoVL) in the 1~18 year age group was significantly higher than in the children aged 0-12 years (t=4·5, P<O·OI). The mean IT 3 concentration (8·5 pmoVL) in the age group 0-6-year did not differ significantly from the mean (8·7 pmoVL) for the 7-12 year age group, and both values were close to the upper limit of the adult reference range quoted by the kit manufacturer. Although the mean IT 3 concentration (7·5 pmoVL) for the 1~18 year age group was significantly lower (t=2·6, P<O·OI) than in the younger children, this value is still markedly higher than the adult mean concentration of 5·9 pmol/L, Case report J8, a girl aged 10 years and 10 months who took part in this study, had an unremarkable history. She had asthma from the age of 5 years, but was otherwise well. Serum biochemical analytes relating to kidney, liver and bone function were normal as were her haematological indices. Serum IT 4 was 1·6 pmol/L and IT 3 3·0 pmoVL. She was recalled and serum thyrotrophic hormone (TSH) was elevated at 95 mUlL confirming primary hypothyroidism. Anti-thyroid cytoplasmic antibody titre was positive at 1125600 and anti-thyroglobulin titre positive at 11100. Her height was below the 3rd centile and her weight between the 25th and the 50th centiles for her age. She had no palpable thyroid swelling. Her hair was normal, but her skin was coarse. Menarche had occurred a week before. Her parents reported that she was a happy active girl, performing well at school, though more keen on reading than on active sport, but that she had not grown over the past 3 years. After 6 months thyroxine replacement her serum TSH was 1·2 mUlL, she had grown 5 cm and her weight was between the 3rd and 10th centiles. Her parents reported that she was more active and that her school performance had improved markedly.
Discussion
Analogue assays for the measurement of free thyroid hormones in blood are widely used in routine diagnostic laboratories to assess the biologically active free hormone concentrations and to overcome the problems associated with hormone binding proteins in total thyroid hormone assays. Reference values for thyroid function tests have been established in adults and these values are used in the interpretation of results from children because of the difficulty of obtaining blood samples from healthy children.
In establishing reference ranges for free thyroid hormones in children we have found that there are some differences from adult values. Our study shows that the overall mean children's IT 4 was not significantly different from that in the adult and all results (except JS) fell within the adult reference interval, but the range was more narrowly set. This narrowing of the range is characteristic of free hormone measurements in healthy subjects when compared with patients." Both the overall mean and range for IT3 in children were higher than for adults. Reference ranges for serum IT3 concentrations measured in adults are clearly inappropriate for these age groups. Midgley and Gruner have also reported an elevation in mean IT 3 concentration in young patients, although they found a lower mean IT 3 concentration (7·2 pmoVL) than that reported here (8·3 pmoVL). This difference may reflect the preponderance of younser than 10 years in our sample population compared to their subjects, and the possible presence of non-thyroidal illness in their subjects. The apparent changes in IT3 and IT4 concentrations in opposite directions in older children compared to younger ones may be related to puberty. The pubertal status of the children was not assessed and the reason for the observed changes was not addressed in our study.
The findings in JS suggest that thyroid function tests should be carried out as part of the investigations of children in whom failure to grow has been documented, and should be performed even in the absence of specific clinical signs of thyroid disease. The establishment of reference ranges for serum IT4 and IT3 concentrations in normal children willenable a correct interpretation of the results. fI'4 and fI'3 in normal children 539
